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Amendments tq the Claims 
This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

1. (Currently Amended) Data transmission apparatus for 

enabling processing one or - more of high-rate data streams 
carrying data cells and delivering the high- rate data 
streams over data bussea provided by a mid-plane having a 
limited number of signal conductors, the apparatus 
comprising : 

a first demultiplexer for dividing data cells of one 
a high- rate data stream into N sub- streams^ so that each 
sub- stream carries every N* h data cell of the one high- 
rate data stream [[,]] the first demulti p le xe r confi g ur e d 
to sta g ger — transmission u£ cell ' s — in and data cells in the 
N sub- streams are s t agger ed in time with respect to one 
another; 

for each of tli^ N 5uL^UbQ[fl3 f a plurality of data 
transmitting devices, each data transmission device 
associated with a corresponding one of the N sub- streams 
for serializing trfae data from the corresponding one of 
the sub-str eam n sub-streams and transmitting the 
serialized data in o ne or more via a corresponding first 
serial data co nn ec tions connection over said mid-plane to 
a data receive interface; 

a first transmit control circuit connected to the 
data transmitting devices of the N sub - str e ams and 
conf iguredj_ 

to insert flow control signals into one or more 
of the H sub-streams, the fiml transmit uuiitxol 

-ed and 

to selectively enable and disable the data 
transmitting devices in response to first receiver 
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enable signals received over said mid-plane from the 

data receive interface, 
whereby cell integrity and sequencing is maintained at 
said data transmission apparatus, and each of said N sub- 
streams carries th e cells that are routed t o it by th e 
■f ir s t demultiplexer aL has a aub- stream data rate that is 
N times lower than a data rate of the high-rate data 
stream* 

2 . (Cancelled) 

3. (Currently Amended) Apparatus An apparatus according to 
claim 1 comprising wherein the data receive interface 
comprises : 

a plurality of data receive devices^ each data 
receive device connected to receive a corresponding sub- 
stream of data comprising data incoming on transmitted by 
one of the data transmitting devices over the mid-plane 
via a corresponding one or more of the first serial 
connections pxouided by the mld - plaind ; 

f or each of the ddLd receive d e vic e s, a plurality of 
buffers , each bu ffer associate d with a corresponding 
buffer one of the data receive devices and configured to 
receive fixed-length data cells carried in the 
corresponding sub- stream; and, 

a first receive control circuit configured to 
determine a sequence of arrival of the fixed- length data 
cells at the plurality of buffers. 

4. (Currently Amended) The An apparatus of according to 
claim 3 wherein the first receive control circuit is 
configured to provide flow control si g nals the first 
receiver enable signals to the first transmit control 
circuit and th e first transmit contr o l ulimlL is 
configur e d Lo inhiblL the output of cells by one or more, 
of Lhe data transmit dtsvic e td in response — to — the received 
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flow control — signals in response to a status of at least 
one of the plurality of buffers . 

5. (Currently Amended) The apparatus of claim 4 wherein the 
first receive control circuit is configured to 
demultiplex the flow control signals from the 

c or j-fci bp o nd i n g sub - 3 t-ream one or more of the N sub- 
streams , 

6. (Currently Amended) Data transmission apparatus 
comprising a first transmit interface for transmitting a 
data stream comprising a sequence of fixed-size transmit 
cells to a receiver, the first transmit interface 
comprising: 

a first demultiplexer connected to receive the data 
stream and to split the data stream by delivering the 
transmit cells in rotation into a plurality of N transmit 
channels^, so that each said transmit channel carries 
every W 01 tjra.nsmit cell; 

for ea c h said tran&miL uliaiuiel a plurality of data 
transmitting devices, each data transmitting device 
connected to receive the transmit cells of -the a 
corresponding one of the N transmit uhaiiu e l channels and 
to output the transmit cells of the correspo nding one of 
the N transmit channels on o n e o r more data c onnections 
carrying a corresponding data connection for transmitting 
data in a first direction over a mid-plane to -a the 
receiver, wherein the each, data transmitting device 
comprises a serial izer device and the data connections 
comprrsg corresponding data connection comprises a serial 
data co nne c t ions connect ion ; and, 

a first transmit control circuit connected to the 
data transmitting devices/ the first transmit control 
circuit configured to cause the data transmitting devices 
to output the transmit cells in sequence with the 
commencement of transmission of the transmit cells on 
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from sequential fc r ana mi t chaini e 1 s daba transmitting 

devices staggered in time relative to one another by a 

time difference AT; 

the apparatus comprising: 

a first receive interface re c eivin g a data 

sUream, — the first receive interface comprising; 

a plurality of deserializer devices , each of 
the deserializer devices connected for receiving one 
or 'more a corresponding serial str e ams stream of 
receive cells received over the mid-plane from the 
receiver in each of a corresponding pluraliLy — o* 
receive channel g channel : and , • 

a plurality of buffers, each of the buffers 
connected to accept the receive cells from a 
corresponding one of the deserializer devices and 
each of the buffers having a capacity sufficient to 
hold a_pluralitv of the receive cells; and 

a first receive control circuit configured to 
determine a sequence of arrival of the receive cells 
in the plurality of buffers and to place the receive 
cells onto a bus in the sequence of arrival^ 

wherein the fix fa L leueive — interfac e compris e s a 
buffer associat e d wiLh each of the d e serializer 
devices, — each cif — Llie buffers uf a capaciLy 
suffici e nt — to hc/ld a plurality of cells, 
wherein the first receive control circuit is 
configured to issue a flow control signal when st 
buff e r any one of the buffers has a remaining 
capacity of Q cells, with Q*l and wherein the first 
transmit control circuit is configured to transmit 
the flow control signal with the aerial data 
transmit cells to a seuuiid rec e ive interface at a 
the receiver . 

7. (Currently Amended) The apparatus of claim 6 wherein the 
first transmit control circuit is configured to multiplex 
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the flow control signal with the s e rial data transmit 
cells in one of the transmit channels. 

8. (Currently Amended) Data transmission apparatus 

comprising a first transmit interface for transmitting a 
data stream comprising a sequence of fixed-size transmit 
cells to a receiver, the first transmit interface 
comprising: 

a first demultiplexer connected to receive the data 
stream and to split the data stream by delivering the 
transmit cells in rotation into a plurality of N transmit 
channel Sj_ so that each said transmit channel carries 
every N* h transmit cell ; 

f o r e ach said tran&utiL unarms! a plurality of data 
transmitting devices, each d ata tran smitting device 
connected to receive the transmit cells of the a, 
corresponding one of the N transmit channel channels and 
to output the transmit cells of the corresponding one of 
the 27 transmit channels on one or more data g^meLlions 
carrying a corresponding data connection for transmitting 
data in a fixaL direction over a mid -plane to -at the 
receiver, wherein the each data transmitting device 
comprises a serial izer device and the data connections 
compris e corresponding data connection comprises a serial 
data connections connection : and, 

a first transmit control circuit connected to the 
data transmitting devices, the first transmit control 
circuit configured to cause the data transmitting devices 
to output the transmit cells in sequence with the 
commencement of transmission of the transmit cells on 
from sequential Lraiibiui t channel fc» data transmitting 
devices staggered in time relative to one another by a 
time difference AT; 
wherein^ 

the first transmit interface is located on a line 
card having an interface for receiving the data stream, 
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th e apparalub eompxiatja a the receiver is located on 
a second card, and 

the serial data connections comprise data lines 
extending between the line card and the second card 
through the midplane. 



(Currently Amended) The apparatus of claim 8 wherein the 
receiver comprises a second receive interface *=rr 
rec e ivin g a d&La tfiieam , the second receive interface 
comprising; 

a plurality of deserializer devices^ for recciv ini) u 
the neiial daLa in each of Lh e chann e ls each of the 
deserializer devices connect ed to a corresponding one of 
the data c onnections for receiving the transmit cells of 
the corresp onding one of the N transmit channels after 
transmissi on of the transmit cells of the corresponding 
one of th e N transmit channels from the line card to the 
second card over the mid-plane : 

a plurality of buffers, each of the buffers 
connected to accept the transmit cells from a 
corresponding on e of the deserializer devices and each of 
the buffers having a capacity sufficient to hold a 
Plurality of the transmi t cells.- and, 
b)- a second receive control circuit configured to 

determine a sequence of arrival of the transmit cells in 
the serial data in the plurality of buffers and to place 
the transmit cello onto a bus in the sequence of arrival. 

(Currently Amended) The apparatus of claim 9 wherein the 
second j. uceiv ft interface compj-ibtes a buffer as&o>~iaLed 
with each of thfe deserializer duviue^, — e ach buf fex uf a 
capacity sufficient Ha hula - a plurality of cell -sr; — wherein 
the second receive control circuit is configured to issue 
a flow control signal when a buffet, anv one of the 
buffers has a remaining capacity of Q cells or fewer, 
with Q il, wherein the second card comprises a 
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transmitter connected to transmit the flow control signal 
to the line card and wherein the first transmit control 
circuit is configure d, in response to the flow control 
signal . to inhibit transmission of the transmit cells on 
at least a chann e l one of the N transmit channels 
corresponding to the baffei the one of the buffers which 
has sc the remaining capacity of Q cells or fewer xn 
I ' ftbpuiiae tc; th e £luw conbx ' ol biujual - . 

11. (Currently Amended) Data transmission apparatus 

comprising a first transmit interface for transmitting a 
data stream comprising a sequence of fixed-size transmit 
cells to a receiver, the f irst transmit interface 
comprising: 

a first demultiplexer connected to receive the data 
stream an d to split the data stream by delivering the 
transmit cells in rotation into a plurality of N transmit 
channels, so that each said transmit channel carries 
every JJ* h transmit cell; 

a plurality of data transmitting devices . each data 
transmi tting device connected to receive the transmit 
cells of a corresponding one of the N transmit channels 
and to output the transmit cells of the corresponding one 
of the N transmit channels on a corresponding data 
connection for transmitting data over a mid -plane to the 
receiver, wherein each data transmitting device comprises 
a seria lizer device and the corresponding data connection 
comprises a serial data connection; and. 

a first transmit control circuit connected to the 
data tr ansmitting devices, the first transmit control 
circuit configured to cause the data transmitting devices 
to outp ut the transmit celjls in sequence with 
commencement of transmission of the transmit cells from 
sequential data transmitting devices stagge red in time 
relative to one another b y a time difference AT: 
wherein: 
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the first transmit inter-face is located on a line 

card ha ving an interface for receiving the data stream, 
the receiver is located on a second card, and 
the seri al data connections comprise data lines 

extending betw een the line card and the second card 

through the midplane: 

the receiver comp rises a second receive interface. 

£he second receive inte rface comprising: 

a plurality of deserializer devi ces, each of 
the deseri alizer devices connected to a 
corresponding on e of the data connections for 
.receiving the transmit cells of the corresponding 
one of the N transmit channels after transmission of 
the transmit c ells of the corresponding one of the N 
transmit c hannels from the line card to the second 
card over the mid - plane: 

a plura lity of buffers, each of the buffers 
connected to accept the transmit cells from a 
corresp onding one of the deserializer devices and 
each of the bu ffers having a capacity sufficient to 
hold a Plurality of the transmit cells: and. 

a second recei ve control circuit configured to 
determine a sequence of arrival of the transmit 
cells in the serial data in th e plurality of buffers 
and to Place the tra nsmit cells onto a bus in the 
sequence of arrival : 
wherein: 

the second rec eive control circuit is 
configured to is sue a flow control signal when any 
one of t he buffers has a remaining capacity of O 
cells or fewer, with O 5:1: 

the second c ard comprises a transmitter 
connected to tran smit the flow control signal to the 
1 ine card : and 

the first transmit control circuit is 
configured, in resp onse to the flow control signal. 
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to inhibit transmission of the transmit cells on at 
least one of the N transmit channels correaponding 
to the one of the buffers which has the remaining 
capacity of O cells or fewer; and 

Th e apparatus o f claim 10 wherein the 
transmitter on the second card comprises a second 
transmit interface for transmitting a second data 
stream comprising a second sequence of fixed-size 
second cells to the line card, the second transmit 
interface comprising : 

a second demultiplexer connected to 
receive the second data stream and to split the 
second data stream by delivering the second 
cells in rotation into a second plurality of N 
second channels so that each said second 
channel carries every Wth second cell; 

"for — eai=.li channel a plurality of second 
serial izer device devices , each second 
serializer device connected to receive the 
second cells of the i^hamilbj a corresponding one 
of the N second channels and to output the 
second cells as serial data on one or more 
second serial data connections over the mid- 
plane to the line card; and, 
ct" a second transmit control circuit 

connected to the second serializer devices, the 
second transmit control circuit gcivi&Lj-ucLtjd 
configured to cause the second serializer 
devices to output the second cells of the 
second data stream in sequence and staggered in 
time relative to one another by a time 
difference AT w 
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12, (Previously Presented) Data transmission apparatus 
comprising: 

a) means for carrying a data stream comprising a sequence of 
cells having an order; 

b) demultiplexing means for assigning each of the cells of 
the data stream to one of a plurality of channels; 

c) transmitting means for transmitting the cells in each 
channel to a receiver by way of signal conductors in a 
mid-plane; 

d) control means for commencing the transmission of 
individual cells to the receiver, in the order, at times 
staggered relative to one another by a time difference at 
that exceeds a worst case inter-channel difference in 
latency for transmission of cells from the transmitting 
means to the receiver by way of the mid-plane; and, 

e) receiving the cells in the order at the receiver. 

13, (Cancelled) 

14, (Previously Presented) The data transmission apparatus of 
claim 12 comprising means for receiving a plurality of 
serially transmitted cells in a plurality of channels and 
means for determining an order of arrival of the 
plurality of cells. 

15, (Previously Presented) The data transmission apparatus of 
claim 12 comprising a first receive interface for 
receiving a data stream, the first receive interface 
comprising a plurality of receiving devices each for 
receiving a stream of cells in one of a plurality of 
channels and, a first receive control circuit configured 
to determine a sequence of arrival of the cells and to 
place the cells onto a bus in the sequence of arrival . 
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16. (Previously Presented) The data transmission apparatus of 
claim 15 wherein the first receive interface is adapted 
to receive in the data stream a first direction flow 
control signal and the first transmit control circuit is 
connected to receive the flow control signal and adapted 
to selectively enable or inhibit the transmission of 
cells by one of the data transmission devices in response 
to the flow control signal . 

17. (Original) The data transmission apparatus of claim 16 
wherein the first receive interface is adapted to 
generate a second direction flow control signal and the 
first transmit control circuit is adapted to cause one of 
the data transmitting devices to output the second 
direction flow control signal . 

18. (Currently Amended) A telecommunications switch 
comprising a plurality of line cards, a switching fabric, 
a plurality of fabric interface cards connected to the 
switching fabric and a midplane providing a plurality of 
data lines connecting the line cards and the fabric 
interface cards, the telecommunications switch comprising 
at least one bidirectional interface connecting one of 
the a line cardb card and cuie uf Llxe a fabric interface 
c ards card : 

the bidirectional interface carrying a first 
sequence of data cells in a first data stream received at 
the line card in a first direction from the line card to 
the coi - rmjponding fabric interface card and a second 
sequence of data cells ,in a aecond data stream in a 
second direction from the fabric interface card to the 
line card; 

the bidirectional interface comprising: 
a first demultiplexer connected to receive the first 
data stream and to split the first data stream into a 
£irst plurality of N first direction channels so that 
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each first direction channel carries every tfth first 
direction cell; 

for each first direction channel^, a first direction 
serializer device connected to receive the first 
direction cells of the first direction channel and to 
output the first directing cells as first direction 
serial data on one or more first direction serial data 
connections extending from the line card, through the 
midplane^ to the fabric interface card; 

a first transmit control circuit connected to the 
first direction serializer devices, the first transmit 
control circuit configured to cause the first direction 
serializer devices to output the first direction cells in 
sequence order with trf» commencement of transmission of 
first direction cells on different first direction 
channels staggered in time relative to one another by a 
time difference CsTj 

a plurality of first deserializer devices at the 
fabric interface card, the first deserializer devices 
connected to receive and deserialize the first direction 
serial data on the first direction serial data 
connections ; 

a first direction receive control circuit connected 
to detect an order of arrival of first direction cells on 
tne first direction serial data connections and to place 
the first direction cells into a first direction received 
data stream in the order of arrival of the first 
direction cells : 

a second demultiplexer at the fabric interface card 
and connected to receive the second data stream and to 
split the second data stream into a second plurality of N 
second direction channels so that each second direction 
channel carries every 2rth second direct ion cell; 

for each second direction channel^ a second 
direction serializer device connected to receive the 
second direction cells of the second direction channel 
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and to output the second direction cells as second 
direction serial data on one or more second direction 
serial data connections extending from the fabric 
interface* card, through the midplane^ to the line card; 

a second transmit control circuit connected to the 
s_ ecohd direction serializer devices, the second transmit 
control circuit configured to cause the second direction 
serializer devices to output the .second direction cells 
in sequence order with the commencement of transmission 
of second direction cells on different second direction 
channels staggered in time relative to one another by a 
time difference AT; 

a plurality of second deserializer devices at the 
line card, the second deserializer devices connected to 
receive and deserialize the .second direction serial data 
on th ^ second direction serial data connections; and, 

a second direction receive control circuit connected 
to detect an order of arrival of second direction cells 
on the second direction serial data connections and to 
place the second direction cells into a second direction 
received data stream in the order of arrival of the 
second direction cells . 

19. (Cancelled) 

20. (Currently Amended) The method of claim 24 comprising 
serializing the data of on each channel of the channels 
before transmitting the data Lh* channel - on each of 
the channels . 

21. (Currently Amended) The method of claim 24 wherein there 
are 27 channels and assigning each ul the consecutive 
cells of the data stream into one of * different ones of 
the plurality of channels comprises assigning the 
cp.n^ecu.tive cells to the channels in rotation so that 
each channel carries every IP* 1 cell . 
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22. (Currently Amended) The method of claim 20 wherein 
transmitting the serialised data *or on each channel - of 
the channels comprises transmitting a plurality of 
streams of serial data. 

23. (Cancelled) 

24. (Currently Amended) A method for transmitting a data 
stream comprising a sequence of fixed-size cells from a 
Lransmit:t^r to a receiver, the method comprising: 

assigning consecutive cells of the data stream into 
different ones of a plurality of channels; 

simultaneously transmitting to the rui^i vei data on 
each of the channels from the transmitter to the receive^ 
while staggering commencement of transmission of 
ceiiiiucutlve uiifci^ uf the cells assigned to each channel in 
time relative to one another by a time difference &Tx 

r e ceiving a Iluw conti-ul ai^nal and inhibiting the 
transmission of cells in at least one of the channels in 
response to -the receiving, at t he transmitter, a first 
flow control signal issued from the receiver: and, 

upon .inhibiting -tire transmission of cells in the at 
least one of the channels^. 

being inhibited, Waiting unLil Llic Lxansniibbluii 
of cells on Lh^ c hannel i& nul inliiblL - e d without 
transmission of ce lls in the at least one of the 
channels .- and 

then Cuuuueiiuiiiy after waiting, recommencing trtv^ 
transmission of a imll cells in the at least one of 
th? channel g an integer multiple of the time 
difference AT after the ^ time at which transmission 
of a previous cell commenced on the channe l at least 
one of the channels . 
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25. (Currently Amended) The method of claim 20 comprising, 
for at least one channel, multiplexing a second flow 
control signals signal with the a e ariali^J data on each 
of the channels aft er serializing the data on each of the 
channels and before transmitting the serialized data on 
each of the channels - 

26. (Currently Amended) The method of claim 20 wherein the 
sequence of fixed-size cells comprises an OC-192 data 
stream. 

27. (Currently Amended) The method of claim 20 comprising 
receiving the serialised data on each of the channels at 
« the receiver, deserializing the received data, 
identifying an order of arrival of received cells at the 
receiver and placing the received cells on a signal bus 
in their order of arrival . 

28. (Currently Amended) The method of claim 27 comprising, 
for each channel, 

monitoring a number of the received cells which have 
arrived at the receiver and have not yet been placed on 
the signal bus_L and 

suspending transmission of cells on the channel if 
the number exceeds a threshold. 

29. (Currently Amended) The method of claim 28 wherei n, for 
each c hannel . suspending transmission of cells on the 
channel comprises issuing a first flow control signal 
corresponding to the cha nnel and sending the first flow 
control signal correspon ding to the channel from the 
receiver to the transmitter.- 
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30. (Currently Amended) A method for transmitting a sequence 
of cells, in order, from a transmitting device to a 
receiving device, the method comprising: 

assigning each of the cells in the sequence to one 
of a plurality of channels, each of the channels having a 
recurring cell transmit time, the cell transmit times for 
successive channels staggered relative to one another by 
amounts exceeding any inter- channel differences in skew 
and latency; 

in each channel of the channels , transmitting the 
cells in the sequence in order of the sequence from the 
transmitting device to the receiving device over one or 
more serial data connections and commencing transmission 
of each cell assigned to the channel only at the cell 
transmit time for that channel; and, 

receiving -the transmitted cells at tc the receiving 
device in the same order that the transmitted cells were 
transmitted from the transmitting device . 

31* {Currently Amended) The method of claim 30 comprising, 
deserializing the transmitted cells at the receiving 
device, and detecting an order of arrival of the 
transmitted cells at the receiving device. 

32. (Currently Amended) The method of claim 3 0 comprising 
receiving a plurality of cells in the sequence 

subs t ant i ally simultaneously at the transmitting device 
and assigning each of the plurality of cells in the 
sequence to one of the plurality of channels in rotation. 

33. (Currently Amended) Appaxalre An apparatus according to 
claim 3 comprising means for altering d &Lalua of aeuund 
the first receiver enable signals col - r e sponding to eac h 
o f the data receive QevicCb based on a status of -the 

coi r e spondin g buff ex at least one of the plurality of 
buffers . 
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(Currently Amended) AppdixaLub An apnaratns according to 
claim 3 comprising a mechanism fur yen e xatin^ a second 
receive means for gene rating a first receiver enable 
signal which causes the first tr ansmit control circuit to 
disable at least one o f the data transmitting devices 
upon arrival^ in one of the Plurality of buffers^ of 

a aecond last cell that the buffe r one of the plurality 
of buffers can hold. 



(Currently Amended) ApparaLua An apparatus according to 
claim 1 wherein the sub-streams are staggered in time by 
a perio d AT, and the period at is greater than a maximum 
total skew due to the mid-plane, the data transmitting 
device and the data receive interface . 



(Currently Amended) Appa.Ld.LiRS An apparatus according to 
claim 1 wherein the flow control signals includ e 
comprise a clock signal, a parity signal, and a start of 
cell signal. 



37. (New) An apparatus according to claim 1 comprising: 
a plurality of data receive devices, each data 
receive device connected to receive a corresponding sub- 
stream of data comprising data transmitted from the data 
receive interface over the mid-plane via a corresponding 
second serial connection ; 

a plurality of buffers, each buffer associated with 
a corresponding one of the data receive devices and 
configured to receive fixed-length data cells carried in 
the corresponding sub- stream; and, 

a first receive control circuit configured to 
determine a sequence of arrival of the fixed-length data 
cells at the plurality of buffers. 
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(New) An apparatus of claim 3 7 wherein the first receive 
control circuit is configured to provide the flow control 
signals to the first transmit control circuit in response 
to a status of at least one of the plurality of buffers 
and the flow control signals, when received at the data 
receive interface over the first serial data connections, 
cause the data receive interface to inhibit transmission 
of at least one of the corresponding sub- streams of data 
over the mid-plane via the corresponding second serial 
connections . 
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